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Translation of selected passages from JP-A-3-285919 



Page 1. lower left column, lines 2-10 : 

1. Title of the Invention: 

Production Process for Super-Water- Absorbent Resin 

2. Claim: 

1. A production process for a super- water-absorbent resin, which comprises 
the step of crosslink-treating a powdery water-absorbent polymer with a 
crosslinking agent in the presence of water and either a fatty acid amide or 
fatty acid monoglyceride, wherein the water-absorbent polymer has a 
carboxyl group and/or a carboxylate moiety, and wherein the crosslinking 
agent has at least two functional groups reactable with the water-absorbent 
polymer. 

Page 3. upper right column, line 18 to lower left column, line 8 : 

Examples of the fatty acid amide, which is used as a dispersant in the present 
invention, include stearylamide, palmitylamide, and myristylamide, but stearylamide is 
particularly favorable. In addition, examples of the fatty acid monoglyceride include 
stearic acid monoglyceride, palmitic acid monoglyceride, and myristic acid 
monoglyceride, but stearic acid monoglyceride is particularly favorable. 

The favorable amount of the above crosslinking agent as used is in the range of 
0.05 to 10 weight parts per 100 weight parts of the water-absorbent polymer. 

Page 4. lower left column, line 4 to page 5, upper left column, line 15 : 
<Working Examples> 

Hereinafter, the present invention process is illustrated by a referential example, 
examples of some preferred embodiments, and comparative examples not according to 
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the present invention. However, needless to say, the present invention is not limited to 
the below-mentioned examples of some preferred embodiments. 

Incidentally, in the following description, the unit denotes weight %. 
Referential Example (preparation of water-absorbent polymer): 

An aqueous acrylate salt solution having a neutralization degree of 70 % was 
prepared by mixing 75 weight parts of 80 % acrylic acid, 48.0 weight parts of 48.6 % 
sodium hydroxide, and 48.6 weight parts of ion-exchanged water. An amount of 5 g of 

1 % aqueous NJ^'-methylenebisacrylarnide solution was added to 1,028 g of this 
aqueous acrylate salt solution, and air was replaced with nitrogen. Thereafter, 36 g of 

2 % aqueous peroxodisulfate K2S2O8 solution, 21.6 g of 2 % aqueous pyrosulfite 
K2S2O5 solution, and 14.4 g of dilute liquid (prepared by diluting a 40 % aqueous 
glyoxal solution to 50 times with water) were added thereto, thus obtaining a mixed 
liquid. Subsequently, this mixed liquid was poured into a vat (length 48 cm, width 37 
cm) (of which the internal surface was coated with a fluororesin (Teflon)) and then 
polymerized in a hot-air-circulating dryer of 42 °C for 20 minutes, thus obtaining a 
hydrogel of 5 to 6 mm in thickness. The hydrogel as obtained was dried with a drum 
dryer having a surface temperature of 130 °C to thereby form a flaky resin, and this 
resin was pulverized with a pin ™iT1 and then classified, thus obtaining a powdery 
water-absorbent polymer of the size of 16 to 200 meshes. 

Examples 1 to 2: 

The powdery water-absorbent polymer, as obtained in the Referential Example, 
was crosslink-treated with dispersants, as shown in Table 1, and a treating solution 
comprising water and ethylene glycol diglycidyl ether. 

Specifically, 2 kg of the powdery water-absorbent polymer, as obtained in the 
aforementioned Referential Example, was placed into a super mixer of 10 liters, and 
thereto each of the dispersants as shown in Table 1 was added in the ratio of 0.25 weight 
part per 100 weight parts of the water-absorbent polymer. Furthermore, while being 



stirred, the resultant mixture was sprayed with 202 g of a treating solution as prepared 
by mixing together water and ethylene glycol diglycidyl ether in the ratios of 20 weight 
parts and 0.05 weight part respectively per 100 weight parts of the water-absorbent 
polymer. Next, the resultant mixture was dried at 140 °C with a drying oven until the 
water content decreased to about 70 %„ thus obtaining a super-water-absOrbent resin. 
Examples 3 to 9 and Comparative Example 1: 

Super-water-absorbent resins were obtained in the same way as of Example 1 
except that the sort of the dispersant or its amount as added was changed to such as 
shown in Table 1. 

Examples 10 and 11 and Comparative Example 2: 

Super-water-absorbent resins were obtained in the same way as of Example 1 
except that: the sort of the dispersant or its amount as added was changed to such as 
shown in Table 1, and the mixing ratios of the water and the ethylene glycol diglycidyl 
ether were changed to 5 weight parts and 0.05 weight part respectively per 100 weight 
parts of the water-absorbent polymer 



Page 5, upper right column, Table 1 : 



Table 1 





Dispersant 




Sort 


Addition amount" 1 


Example 1 


Stearylamide 


0.25 


Example 2 


Stearic acid monoglyceride 


0.25 


Example 3 


Stearylamide 


5 


Example 4 


Steaiylsmide 


1 


Example 5 


Stearylamide 


0.5 


Examplefi 


Stearylamide 


0.1 


Example 7 


Stearic acid monoglyceride 


1 


Examples 


Stearic acid monoglyceride 


0.5 


Example? 


Stearic acid monoglyceride 


0.1 


Example 10 


Steaiylamide 


0.25 


Example 31 


Stearic acid monofilyceride 


0.25 


Compaialtve 


Ethylene glycol* 1 


4 


Example 1 
Comparative 
Example 2 


Ethylene glycol* 3 


1 



*1: Addition amount (weight parts) per 100 weight parts of water-absorbent polymer 
*2: Added after being mixed with the treating solution 
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Page 6, upper right column, line 18 to lower left column, line 5 : 

In addition, as to the super-water-absorbent resin obtained by the present 
invention process, individual surfaces of its particles are hard and crosslink-treated, and 
its water absorption amount under a load is large, therefore it is excellent in water 
retainability and is favorably used particularly for such as diapers and sanitary articles. 
Furthermore, because the fatty acid amide or fatty acid monoglyceride is used, the 
resultant super-water-absorbent resin is improved in wettability with water and thus 
little causes the "fisheye phenomenon and further, little becomes electrified. 



[Translation] 
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Specifications 



1. Name of Invention: Method of Manufacturing 

High-absorbency Resin 

2 . Scope of Patent Application 

1. A method for manufacturing high-absorbency resin that 
does cross-linking processing of powdered absorbent polymer 
compounds having a carboxyl group and/or carboxylate part, 
using a cross-linking agent that has two or more functional 
groups and that— in the presence of water and a fatty-acid 
amide or a fatty-acid monoglyceride, can react with the 
above-noted absorbent polymer compound. 

3 . Detailed Explanation of Invention 

Field for Commercial Utilization This invention relates 
to a method of manufacturing highly absorbent resin, and 
more specifically bears on a method for manufacturing 
absorbent resin which has high absorption rates and 
absorptive capacity whether under pressure or not. 

Usual Technology and Problems the Invention Seeks to 
Resolve High-absorption resins have become practical and 
draw the attention of makers of sanitary product due to 
their startlingly great absorptive capacity and superior 
ability to retain liquids, replacing such past absorptive 
materials as pulp or absorptive paper; and in recent years 
their uses have expanded widely into agriculture, horti- 
culture, food products and the medical field. 

And yet, it is being demanded that, besides having great 
absorptive capacity, these highly absorptive resins also 
absorb quickly. Due to this, such further improvements are 
being made as to do standardized processing on absorptive 
resins to further speed up their absorption rates. 

For instance, a variety of proposals are being made on ways 
to improve cross-lining on particle surfaces of powdered 
absorptive polymer compounds by using cross-linking agents. 
(See Japanese Patents 58-42602, 59-6898, 61-48521 and 60- 
18690.) Such methods all do a cross-linking process on the 
surface of the particles, using appropriate amounts of 
cross-linking agents, increasing the cross-linking density 



of particle surfaces with the aim of preventing particle 
clumping from absorbing liquid, making it difficult for 
adhesion to arise, stopping gelling of particle surfaces in 
the initial stages of liquid absorption and thus to improve 
absorption rates so as to get a high-absorbency resin. 

In this cross-linking process, organic solutions such as 
alcohols or ethers have been used as dispersing agents. 

Because these organic solutions can be used, there has been 
the problem of great risks of fire or explosion in the 
industrial processes if large amounts are used. Moreover, 
even if used in small quantities, these organic solutions 
still have problems of operational safety due to fires or 
explosions during storage and distribution. 

And, there has been the problem of production costs rising 
because recovery of the organic solvents is necessary to 
prevent such pollution as water contamination, etc. 

On the other hand, there has been the problem when organic 
solutions are not used that the expected goals cannot be 
attained since the particles of absorbent polymer compounds 
stick together in the cross-linking process. 

Also, highly absorbent polymers yielded by the above method 
have had the problem that, whatever their absorptive 
capacity may be without being under pressure, they are not 
adequately absorptive under pressure.' In particular r 
diapers and sanitary products have to have high-absorbency 
resins with high absorptive capacity under pressure, since 
such products are used under pressure. 

Again, when particles in the usual high-absorbency resins 
are made fine, the so-called * lumping phenomenon" arises, 
by which particles and liquids separate when the particles 
come into contact with liquid, even in some cases keeping 
absorption rates from increasing. 

This invention was devised after considering such various 
problems as the above, and provides a method for producing 
high-absorbency resins in which one can safely do the 
cross-linking process on absorptive polymer compounds 
without using flammable solutions and while making it 
difficult for the lumping phenomenon to arise. 



Means and Effects of Resolving the Problems This 
invention's method of manufacturing high-absorbency resins 
is one that does the cross-linking process with cross- 
linking agents having two or more functional groups that, 
in the presence of water. and fatty acid amides or fatty 
acid monoglycerides, can react with the above-noted 
powdered absorbent polymer compounds having a carboxyl 
group and/or carboxylate part. 

In this invention's method of manufacturing high-absorbency 
resins, instead of the usual organic solutions we use fatty 
acid amides or fatty acid monoglycerides as dispersing 
agents, which are safe and do not risk explosions, etc. 
Moreover, using these makes cross-linking process fix on 
the high-absorbency resin particle surfaces. As a result, 
their absorbency is greater when under pressure than in the 
case of the usual high-absorbency resins. And, using the 
fatty acid amides or monoglycerides improves the high- 
absorbency resins' wetting by water and can prevent the 
"lumping phenomenon." Also, the high-absorbency resins 
obtained are resistant to static electricity and to 
clumping of their particles. 

Below, we will explain this invention's manufacturing 
method in detail. 

For absorbent polymer compounds useable in this invention, 
we may mention that any polymer having a carboxyl group 
and/or carboxylate part will do, including such substances 
as hydrolyzed [indistinct character] f lour/acryl-nitryl graft 
copolymers, partially neutralized [indistinct character] flour/ 
acrylic acid graft copolymers, saponified vinyl acetate/ 
acrylic ester copolymers, carboxymethyl cellulose, 
isobutylene/anhydrous maleic acid copolymer, partially 
neutralized polyacrylic acid and cross-linked forms of the 
polymers of these. Especially preferred are absorptive 
polymer compounds of polyacrylic acids consisting of 
polymers or copolymers having an acrylic acid or acrylic 
acid salt monomer unit in their main chain. 

For polyacrylic acid polymers consisting of such polymers 
or copolymers, we can mention, for instance, the copolymers 
of polyacrylic acid, polyacrylic acid salts and of both 
together. Here, for the polyacrylic acid salts and their 
salt portions, we can mention such organic salt ..groups as 
alkaline metal salts of sodium and calcium, and ammonium 
salts. To improve such properties as hydrophilicity, they 



can also be copolymers of polymers having monomer units of 
acrylic acid or acrylic acid salts in their main chain, 
with acrylamide, N-vinylpyrrolidon, 2-hydroxy-ethyl- 
metacrylate, etc. 

With cross-linked ones being preferred, when fabricating 
the cross-linked chemical, one can use a well-known cross- 
linking means. For example, when adding polymers, there is 
the method of heating the copolymers of M-methylol-acryl- 
amides cross-linked monomers or using a catalyst having the 
acidity of calcium peroxosulf ate, or, for a cross-linking 
agent with two or more polymers with unsaturated junction, 
one would add, for instance, N, N' -methylene-bis-acrylamide, 
ethylene-glycol-diacrylate, etc. 

Usually, one would adopt the method of polymerizing by 
adding the above cross-linking agent and copolymer-type 
monomers, as needed, to a liquid solution of acrylic acid 
and/or acrylic acid salts. The polymers yielded by this 
method will harden into lumps when dried, so that one would 
grind it in a grinder into a suitable size. 

For the ground high-absorbency resin, that passed through 
the 5-400 mesh of a Tyler sieve is preferred, or even 
better, that passed through the 10-200 mesh. Polymers 
obtained from emulsified or suspension polymers will become 
small beads and may be used as is, or one may grind them 
even finer. 

The reason one adds water in this invention is to make 
uniform the cross-linking depth, i.e., its depth into the 
particle surfaces of the high-absorbency resin. The 
desired amount of water to be added is 1-50 parts by weight 
to 100 parts of polymer. When the water added is less than 
one part by weight, its effects will not be adequate; or, 
conversely, if it exceeds 50 parts, the cross-linking will 
go deeply into the particles, so that those getting a large 
gelling strength will have less absorptive -capacity and one 
cannot get high-absorbency resin satisfying both absorbency 
and gelling strength. Also, the greater the amount of 
water added, the more time and heat will be needed for 
drying, which is a disadvantage in an industrial process. 

For the fatty acid amides used as a dispersing agent in 
this invention, one might cite stearine amide, palmitin 
amide, myristine amide, etc.; but stearine amide is most 
preferred. And, for the fatty-acid monoglyceride , such 



ones as stearine monogylceride, palmitin monoglycerides or 
myristine monoglycerides; but most preferred is stearine 
monoglycer ide . 

The preferred amount of the above cross-linking agent used 
is 0.05-10 parts per 100 parts of the absorbent polymer 
compound. When the amount of cross-linking agent is less 
than 0.05 parts per hundred of the absorbent polymer 
compound, lumps will readily form during the cross-linking 
process. Conversely, if it is more than 10 parts per 
hundred of the polymer compound, the polymer will become 
viscous and lose fluidity, greatly worsening its handling 
properties. The relationship between the fatty acid amides 
or monoglycerides to the water would be 2-50 parts per 100 
parts of water, preferably 5-30 parts. 

This is because at less than 2 parts of fatty-acid glycer- 
ide, one cannot get the additive effect; and when there are 
more than 50 parts, one cannot expect improvements from the 
added amounts. 

For the cross-linking agent that has two ore more 
functional groups used in this invention, any that can 
react with the carboxyl group and/or carboxylate group in 
the absorbent polymer compound are fine. For such. cross- 
linking agents, we may mention the aldehyde compounds (such 
as glutalaldehyde or glyoxal) , di-isocyanate compounds 
(such as 2, 4-tolylene-di-isocynate or hexamethylene-di- 
isocynate) , halo-epoxy compounds (such as ethylene-glycol- 
diglycidyl -ether, diethylene-glycol-di-glycidyl-ether , 
polyethylene-glycol-diglycidyl-ether, propylene-glycol- 
diglycidyl -ether , di -propy lene-gly col -diglycidyl- ether, 
polypropylene -glycol-diglycidyl -ether, glycerin-digylicdyl- 
ether, polyglycerin-polyglycidyl-ether , penta-erythritol- 
polyglycidyl-ether or sorbitol-polyglycidyl-ether ) and the 
polyhydric metallic compounds. In particular, the most 
desirable cross-linking agents are aluminum hydroxide gels 
formed in reactions between epoxy compounds with aluminum 
salts and aluminate salts, or with aluminum salts and 
alkaline metallic hydrates. (See Japanese Patent 62-25072). 

The above cross-linking agents can be used in amounts 
suited to the absorbent properties, etc.; but in general 
0.001-10 parts by weight are used with 100 parts of the 
absorbent polymer compound, preferably 0.005-5 parts are 
used. Here, the reason for using such amounts is that with 
less than 0.001 parts the cross-linking effect does not 



appear adequately and during the cross-linking process the 
powdered absorbent resin will clump up and form lumps. So, 
doing the cross-linking process uniformly is difficult. 
Or, if one uses more than 10 parts, the amount of liquid 
absorbed will decline. 

As for the method of cross-linking processing the absorbent 
polymer compounds in this invention, a variety of methods 
can be applied, such as placing the absorbent polymer 
compound in a mixer, either dripping or spraying the 
dispersing and cross-linking agents into this while 
stirring the dispersed solutions and, after thoroughly 
mixing and cross-linking them, drying them in a dryer. 

As for the above mixer, there are no special limitations, 
as one may use such generally used mixers as a Nauta mixer, . 
ribbon blender, conical blender, Henschel mixer or Raikai* 
machine . 

Also, for drying after the cross-linking process, one may 
use any general dryer, such as a hot-fan circulating dryer 
or a low-pressure dryer. 

In the above cross-linking process, no special limitations 
on the cross-linking reaction temperature are specified; 
one can do it at temperatures suited to the kind of cross- 
linking agent used and the absorption property and gelling 
strength being sought. 

Again, the drying temperature is from room temperature to 
150°C, but preferably 70~120°C. Moreover, one may do the 
cross-linking and drying processes simultaneously. 

Furthermore, -to improve fluidity and the cross-linked 
properties during mixing, one may also add calcium 
chloride, zinc carbonate, etc. 

Application Examples 

Below, we will describe reference cases, application 
examples and comparative examples of this invention's 
method. Of course, the invention is not limited to these 
examples . 

* Above brand or type names assumed from Japanese phonetics. — Translator 



When we refer to percentages below, it indicates percent by 
weight . 

Reference Case (Producing absorbent polymer compounds) 

We mixed 75 parts of 80% acrylic acid, 48 parts of 48.6% 
sodium hydroxide and 48.6 parts of ion-exchange water and 
prepared a 70%-neutral acrylic acid salt solution. To 1028 
grams of this acrylic acid salt solution we added 5 grams 
of 1% N, N' -methylene-bis-acryl-amide solution and, after 
doing a nitrogen replacement, added 36g of peroxodisulfate 
K 2 S 2 08 solution, 21. 6g of 2% pyrosulfite K2S 2 0 B solution and 
14. 4g of a 40% glyoxyal solution diluted 50 times with 
water to get our mixed solution. Then we inserted this 

mixed solution into a. bat [sic, from Japanese phonetics -- Translator] 

Teflon-coated on the inside and 48cm long and 37cm wide, 
and polymerized it for 20 minutes in a circulating-fan 
dryer at 42°C to get a water-containing gel 5~6cm thick. We 
dried this gel in a drum dryer with a surface temperature 
of 130°C to make it into a flaked resin, and after grinding 
it in a pin mill we graded it to get a 16-200 mesh powdered 
absorbent polymer compound. 

Application Examples 1~2 

We did the cross-linking process of the powdered absorbent 
polymer compound by using the dispersion solutions shown in 
Table 1 and water plus ethylene-glycol-diglycidyl-ether as 
the processing liquid. 

That is, into a 10-liter super-mixer we placed 2kg of the 
polymer compound yielded by the reference example, and 
added a mixture of 0.25 parts of the dispersing solution 
shown in Table 1 for 100 parts of the polymer compound. 
While stirring this, we sprayed in 20 parts each of water 
and ethylene-glycol-diglycidyl-ether per 100 parts polymer 
and 202g processing solution prepared by mixing at a ratio 
of 0.05 parts by weight. Next, we dried it with a dryer 
until the liquid content was about 70% to get the polymer 
resin . 

Application Examples 3~9 and Comparative Example 1 

Other than changing the dispersing solution or amounts 
added as shown in Table 1, we did these just as in 
Application Example 1 to get the absorbent resin. 



Application Examples 10-11 and Comparative Example 2 



We altered the type of dispersing solution or amounts added 
as shown in Table 1; and we made the mixing ratio of water, 
ethylene-glycol-diglycidyl-ether each 5 parts per 100 parts 
of the polymer compound, but otherwise did these the same 
as in Application Example 1 to get the absorbent resin. 

Table 1 



Dispersing solutions 





Type 


Amount added *' 


Application Example 1 


Stearin amide 


0.25 


Application Example 2 


Stearin monogylceride 


0.25 


Application Example 3 


Stearin amide 


5 


Application Example 4 


Stearin amide 


1 


Application Example 5 


Stearin amide 


0.5 


Application Example 6 


Stearin amide 


0.1 


Application Example 7 


Stearin monogylceride 


1 


Application Example 8 


Stearin rnonoglycerides 


0.5 


Application Example 9 


Stearin rnonoglycerides 


0.1 


Application Example 10 


Stearin amide 


0.25 


Application Example 1 1 


Stearin rnonoglycerides 


0.25 


Comparative Example 1 


Ethylene glycol* 2 ' 


4 


Comparative Example 2 


Ethylene glycol* 2 


1 



* 1 : Amount added per 100 parts of polymer compound (by weight). 
*2: Mixed with processing solution and added. 



[Evaluative test] 

Using the polymer resin obtained in the above application 
and comparative examples, we performed the following 
evaluative tests. 

a) Measuring absorption 

We put sample X (g) into a pleated commercial coffee filter 
and, after steeping it for 10 minutes in a 0.9% table-salt 
solution, measured the weight Y (g) , including the coffee 
filter. We had separately measured the coffee filter's 
weight when it had been soaked in a 0.9% salt solution. 



With these weights X and Z we found the absorbed amount 
(increase) based on the equation below: 



Absorbed weight (increase) = (Y- Z) /X 

b) Absorption under pressure 

We soaked Ig of the sample in 10 times as much 0.9% salt 
solution, placed 5g of this soaked gel between an 80-mesh 
metal net and paper and placed onto it a weight with a hole 
in the middle to create a pressure of 50g/cm 3 . 

With this hole we brought a 0.9% salt solution continuously 
into contact with the soaked gel. After 10 minutes of 
making that absorb, we weighed the soaked gel. We doubled 
that figure and made it the amount absorbed .under pressure.. 

These test results are shown in Table 2. 



Table 2 

Absorbed 

Amount absorbed under pressure 

Application Example 1 44 '30 

Application Example 2 44 28 

Application Example 3 41 22 

Application Example 4 42 25 

Application Example 5 43 30 

Application Example 6 48 26 

Application Example 7 40 25 

Application Example 8 40 26 

Application Example 9 46 26 

Application Example 10 46 23 

Application Example 1 1 45 19 

Comparative Example 1 52 17 

Comparative Example 2 56 16 



From Tables 1 and 2 we see that Application Examples 1-11, 
using fatty-acid amides or fatty-acid monoglycerides as the 
dispersing agent, show especially greater absorption under 
pressure than do Comparative Examples 1-2, using organic 
solvent agents. 

Also, we find that for Application Examples 3-11, in which 
we changed the amounts of dispersing agents added from that 
in Application Examples 1 and 2, the amount of absorption 



without any addition or under pressure sustained a high 
standard . 

Invention's Effectiveness 

As in the above, with the production method for highly 
absorbent resin from this invention, cross-link processing 
the powdered absorbent polymer compounds having a carboxyl 
group and/or carboxylate group, is done in the presence of 
water and fatty-acid amides or fatty-acid monoglycerides, 
so that one can do the processing safely without using 
volatile solvents and without needing 'a solvent recovery 
process . 

Also, the highly absorbent ■ resin . yielded by with this 
invention's methods has the surfaces of its individual, 
particles firmly cross-link processed and has high 
absorption under pressure. Thus, it is superior in liquid 
retention, making it eminently useable for diapers or 
sanitary products. Furthermore, due to its using fatty- 
acid amides or fatty-acid monoglycerides, the high- 
absorbency resins yielded improve the wetting properties 
with water, do not cause the "lumping phenomenon" and are 
resistant to static electricity. 

Finally, the clumping of the absorbent polymer compounds 
under cross-link processing and the resultant formation of 
lumps can be constrained, so that cross-link processing of 
the absorbent polymer compounds' particle surfaces can be 
done uniformly. Hence, the operation becomes easy, a 
recovery process for the solvents is not necessary, and 
production costs' can be lowered. 

Patent applicant: Sekisui Chemical Industries, Ltd. 



Agent: Hirokatsu Kamei, Patent attorney & one other 



